Information on the distribution and predictors of obesity in Africa is needed to identify populations at risk and explore intervention options. Our objectives were to (a) examine the prevalence and geographic distribution of overweight and obesity among 
The prevalence of overweight and obesity is increasing, even in lowincome countries (NCD Risk Factor Collaboration (NCD-RisC), 2016).
Projections are for an increased prevalence of overweight and obesity, from 1.3 billion people affected in 2005 to 3.28 billion in 2030; currently 57 of 129 countries have high prevalence of both underweight and overweight (Global Panel on Agriculture and Food Systems for Nutrition, 2016) . The growing worldwide problem of overweight, obesity, and diet-related chronic diseases in the face of persistent poorquality diets is thought to be driven by urbanization and globalization.
Food system changes may still be able to prevent dire outcomes in countries in earlier stages of nutrition transition.
In West Africa, most countries are in the early stages of transitioning from undernutrition to overnutrition, though some (Ghana, Cape Verde, and Senegal) are in later stages (Bosu, 2015) .
For example, Ghana has experienced dramatic increases in maternal overweight/obesity from 12.8% in 1993 to 29.2% in 2008. The nutrition transition in this region is associated with an increase in other risk factors, for example, hypertension in Cameroon (Bosu, 2015; Fezeu, Kengne, Balkau, Awah, & Mbanya, 2010) . Diabetes prevalence is also increasing in some areas within countries, particularly urban Ghana and Senegal (Bosu, 2015) , and incidence is projected to double between 2000 and 2030 (Haggblade et al., 2016) . In a systematic review of African studies conducted between 1972 and 2011, maternal obesity (body mass index [kg/m 2 ] ≥ 30, based on pre-pregnancy or first trimester measurements) occurred in 9-17.9% of pregnancies and was associated with increased risk of C-section birth deliveries, macrosomia, gestational diabetes, pregnancy-induced hypertension, and preeclampsia but decreased risk of maternal anaemia and low birthweight (Onubi, Marais, Aucott, Okonofua, & Poobalan, 2016) .
Although information is sparse, available data suggest that the burden of overweight is greatest in urban areas and among wealthier, older women (Jones, Acharya, & Galway, 2016; Kandala & Stranges, 2014) .
In Cameroon, urban residents reported lower levels of physical activity than their rural counterparts, but the relationship between physical inactivity and obesity was more consistent for men than women (Sobngwi et al., 2002) . A cross-sectional study among adults of African origin from Cameroon, Jamaica, and the United Kingdom also found gender to influence the relationship of dietary intakes to overweight or obesity (Jackson et al., 2007) .
Since prevalence of maternal overweight and obesity varies geographically within and across countries in sub-Saharan Africa, more research is also needed in this region on the prevalence and distribution of these conditions. In addition, evaluating the relationship of BMI to other risk factors, including abdominal obesity, as measured by waist circumference, and inflammation, may provide insight regarding the risks of overweight in this context. In a cross-sectional study of community-based samples from urban and rural Cameroon and France, the relationship of waist circumference to blood pressure, blood lipids, fasting blood glucose, and other risk factors differed by ethnicity/race, gender, and urbanization (3). Elsewhere in Africa,
Traissac et al. found abdominal obesity to be more prevalent and variable than overall obesity based on BMI and highlighted a need for more research among women living in a nutrition transition context (Traissac et al., 2015) .
Timely, national studies of maternal weight status and child growth are urgently needed to guide policies and strategies to prevent 2 | METHODS
| Setting
Cameroon is classified by the World Bank as a lower middle income country, with slightly over half the population living in urban areas (54% in 2015) and a gross domestic product per capita (purchasing power parity) estimated at $2,829 in 2014 (Global Nutrition Report, 2015) . There has been limited progress on indicators related to health and undernutrition over the past decade: The under-5 mortality rate was 95 per 1,000 in 2012, ranked 21st globally, and stunting prevalence was 33% in 2011 (Global Nutrition Report, 2015) . Previous work revealed a high prevalence of anaemia and micronutrient deficiencies among women and children (Engle-Stone, Ndjebayi, Nankap, & Brown,
Key messages
• Overweight and obesity affect one third of women in Cameroon and are particularly common in the cities of Yaoundé and Douala and other urban areas.
• Overweight and obesity were more common among older and more educated women, women who consumed sweetened beverages, and women in households with TV ownership and greater socioeconomic status.
• BMI was positively associated with markers of abdominal adiposity and inflammation, suggesting increased cardiometabolic risk.
• Underweight and micronutrient deficiencies are still prevalent in Cameroon, particularly the North, so interventions to prevent malnutrition in all forms are needed.
2012), although large-scale fortification appears to have reduced this risk for selected micronutrients (Engle-Stone et al., 2017 , 2012) . For each item, participants were asked how many days in the previous week they consumed the item, and how many times per day the item was consumed on the last day on which it was consumed.
As indicators of processed snack food intake, the analysis described 
| Anthropometry
In both surveys, women were asked to remove shoes, hats, and any heavy outer clothing (jackets, etc.) prior to anthropometric measurements. Measurements were conducted by anthropometrists who completed study-specific training and standardization exercises prior to the study. Height was measured in duplicate to the nearest 0.1 cm (Cole, Bellizzi, Flegal, & Dietz, 2000) . However, these cut-offs did not affect the classification of any study participants as overweight or obese, compared with the adult cut-offs of 25.0 and 30.0 (i.e., the prevalence of overweight was identical, regardless of the cut-off applied for adolescents).
| Markers of inflammation
In both surveys, venous blood was collected and centrifuged withiñ 2 hr to separate plasma, which was frozen on the day of collection.
Plasma concentrations of two markers of systemic inflammation, Creactive protein (CRP) and α1-acid glycoprotein (AGP) were measured by ELISA (Erhardt, Estes, Pfeiffer, Biesalski, & Craft, 2004) .
| Data analysis
SAS software (Version 9.4, SAS Institute, Cary, NC) was used for data analysis. To characterize SES, factor analysis (PROC FACTOR) was used to combine variables related to household possessions; occupation, employment, and education of the index woman and household head; house construction materials; and sanitation facilities. The continuous score generated from the primary factor was then categorized into quintiles. SES scores were calculated separately for the 2009 and 2012 surveys.
Survey weights were applied at the stratum (North, South, and Yaoundé/Douala) and cluster level to account for the stratified design To examine factors associated with overweight and obesity, logistic regression (SAS PROC SURVEYLOGISTIC) was applied, with the primary outcome of overweight and obesity, defined as BMI ≥ 25.0.
We did not examine overweight and obesity separately because of the small number of obesity cases in some subgroups. In 2009, about 8% of women were underweight (BMI < 18.5) and 32% were overweight or obese (BMI ≥ 25.0) nationally, but the patterns differed widely by region. Underweight was more common in the North region (19%), and overweight and obesity were more common in the South (40% BMI ≥ 25.0) and Yaoundé/Douala (49% BMI ≥ 25.0). Regional differences in BMI were explained by differences in weight, which varied from a mean of 55.1 kg in the North to 67.2 kg in Yaoundé/Douala (P < 0.0001 overall), rather than height, which did not differ on average by region (P = 0.12 overall). (Table 1) , but the differences were not statistically significant (P = 0.16).
| Factors associated with overweight/obesity among women
In bivariate comparisons, maternal age was the most consistent factor associated with increased odds of overweight/obesity ( Figure 1 ; Table 2 ; Table S1 ). The mean BMI and prevalence of overweight did not differ among women who were or were not currently lactating (nationally, within geographic stratum, and within socio-economic quintiles). However, among lactating women, BMI was negatively correlated with the infant's age (Spearman's r = −0.13, P = 0.02).
Nationally, the prevalence of overweight and obesity varied by SES, from 8.6% in the lowest quintile to 51.5% in the highest quintile.
Within the geographic strata, this relationship only remained significant in the North. In multivariable models, factors that were independently associated with greater prevalence of overweight were residence in Yaoundé/Douala or in an urban area, older age, and household TV ownership (Table 3) In 2012 in Yaoundé/Douala, parity was associated with increased odds of being overweight (OR = 1.27 (1.06-1.52), P = 0.01), but the relationship was no longer significant after controlling for age (OR = 1.09 (0.86-1.38), P = 0.47).
| Associations between BMI and markers of abdominal obesity and inflammation
In Yaoundé/Douala in 2012, BMI was positively associated with waist circumference, waist-to-hip ratio, and waist-to-height ratio (Ln 
| DISCUSSION
This study presents estimates on the prevalence and geographic distribution of overweight and obesity among women in Cameroon, a transitioning country, and examines demographic and behavioural risk factors. Though causal inferences cannot be made between individual behaviours/characteristics and overweight/obesity, the findings of this cross-sectional national study are useful to identify subgroups at greatest risk for overweight and associated health consequences in Cameroon. Wide regional variation exists in the prevalence of overweight and obesity in Cameroon, with a large burden among women in the South region and in Yaoundé and Douala, whereas underweight among women remains prevalent in the North region. In addition to urban residence, overweight/obesity was independently associated with older maternal age and ownership of a TV.
TV ownership could be an indicator of physical inactivity but also may serve as a proxy for SES or preferred leisure activities. An proportion of households with a TV ranged from 22% in the North to around 90% in Yaoundé/Douala. The corresponding population attributable fraction for overweight and obesity among women was 42-44%, with or without adjusting for region. Although causality cannot be attributed, presence of a TV in a household was a strong predictor of overweight in this study and may be an important avenue for targeting households or delivering messages related to prevention and management of overweight.
Sweetened beverage consumption was associated with overweight nationally, but not within each of the three survey strata. The overall association may reflect the contribution of sweetened beverages to total energy intake but also an association between sweetened beverage consumption and SES. The lack of association within strata may reflect reduced statistical power due to the lower sample size and/or lower variation in sweetened beverage consumption and overweight within strata (compared with between strata). Consumption of beignets was associated with lower prevalence of overweight, but this relationship was not significant in multivariable models and may reflect confounding by SES since there was a trend toward greater consumption of beignets among women in the three lowest SES quintiles. Other dietary variables (consumption of sweets and biscuits)
were not associated with overweight, possibly because the FFQ was designed for another purpose (estimating intake of selected fortifiable foods) rather than focusing on processed, sweetened snack foods specifically. However, another cross-sectional study that administered a FFQ among adults of African origin from Cameroon, Jamaica, and the United Kingdom did not find any dietary variables, except for higher protein intake, to be related to overweight or obesity in Cameroon women (Jackson et al., 2007) .
The observation that mean BMI and prevalence of overweight did not differ among lactating women compared with nonlactating women may be explained by the wide age range of infants of lactating women in this sample (in 2009: 1 to 24 months of age; mean of 10 months). In the early postpartum period, lactating women are likely to have higher BMI than nonlactating women, reflecting weight gain during pregnancy. However, prolonged lactation may contribute to reduced risk of overweight; our observation of a negative correlation between BMI and infant age among lactating women supports this. The contribution of postpartum weight retention to overweight among women and the potential role of breastfeeding support to weight management in this setting should be explored further. Among women in Yaoundé/ Douala, higher BMI was associated with greater waist circumference and greater waist-to-hip ratio, similar to a previous study among adults in Yaoundé (Pasquet, Temgoua, Melaman-Sego, Froment, & RikongAdié, 2003) . These findings suggest that overweight in this context may be associated with increased cardiometabolic risk. We measured waist circumference at the navel, rather than midway between the lowest rib and iliac crest, which may introduce error into the measures (17), but these did not change the classification of individuals as overweight or obese compared with the adult cut-offs. Subgroups with n < 10 individuals were excluded from models. Nonsignificant variables (P > 0.05) were removed using a stepwise backward regression method. In the South (2009) of waist circumference and waist-to-hip ratio. Nevertheless, this protocol predicted abdominal obesity as measured by dual energy X-ray absorptiometry (DXA) among adults (Pimenta et al., 2016) . group would have been required to detect a change in mean BMI of 0.8 units, assuming SD = 5 (excluding the design effect). Also, the time period between surveys (3 years) was relatively short.
In this study, the prevalence of overweight was greatest in the stratum composed of the two largest cities, and urban residence remained significantly related to overweight in multivariable models.
Other African studies have noted greater risk of overweight in urban areas (Jones et al., 2016; Kandala & Stranges, 2014 Africa (Haggblade et al., 2016) . In African countries (such as Uganda)
at earlier stages of this nutrition transition from undernutrition to overnutrition, public health systems have largely continued to focus their limited resources on undernutrition. In contrast, in South Africa, where more than 40% of adults are overweight or obese, national strategies have attempted to address some issues related to affordability and availability of healthy foods but the impact remains to be evaluated.
Faced with an underfunded public health system, many African countries may move forward first on supply-side changes/interventions in the food system to reverse the growing obesity and chronic disease trends (Haggblade et al., 2016) . For example, supply chain interventions can promote the development and marketing of healthier food products, based on indigenous foods, and expand urban horticulture. Meanwhile, the public health sector, working through its existing and scaled-up maternal and child health programs, can address emerging obesity and chronic disease prevention through raising awareness and education. More interventions should be launched in schools to educate and enable children to make healthy food choices in that setting. It will also be important to train the next generation of food industry professionals in the potential effects of food technology and agribusiness policies on public health and human nutrition.
In Cameroon, policy makers could consider similar approaches to address supply-side and consumer demand issues. (Cohen, Boetsch, Palstra, & Pasquet, 2013) . More than 90% of urban adults in Cameroon reported sedentary activity during their leisure time, and many younger adults are also sedentary at work (Kengne, Awah, Fezeu, & Mbanya, 2007) 
